Szrmmary.-The purpose of this study was to examine lareral dominance in maximal muscle power, muscular endurance, and grading ability, using isokinetic muscular strength in knee extension and flexion. The subjects were 50 healthy male students whose ages ranged from 19 to 23 years (M height: 173.6?6.2 cm, IM weight: 67.2 2 6.8 kg). Their dominant legs for power exerrion and for functional use were based on questionnaire items selected from those used in previous studies. The angular velocities of extension and flexion for exerring maximal muscle power were 60, 180, and 300. set.-'. A continuous exertion 30 times at an angular velocity of 1 8 0 . set.-' was used as the load for muscular endurance. For grading ability, 25%, 50%, and 75% of the maximal muscle strength at angular velocities of 60 and 180 . set.-I were the re¶uired values, and the difference benveen these values and the exerted muscular strength was evaluated. The dominant leg and nondominant leg were compared for boch power exertion and functional use. There was no lateral dominance in ~naximal muscle power and muscular endurance. In muscular endurance, especially, some subjects showed one leg superior in power exertion and some superior in functional use. Lareral dominance was noted across maximal muscle power and muscular endurance in grading ability. The dominant leg tended to be better than the nondominant leg in functional use. However, lateral dominance was nor remarkable for flexing motion and in exertion for a short time.
then becomes remarkable with increased use of one side during daily life and exercise (Annett, 1972; Wada, Clarke, & Hamm, 1975; Chi, Dooling, & Gdles, 1977) . Given that extensive use of one side is very often observed in daily Me, lateral dominance of the hand can be comparatively judged. Questionnaire items for judging the lateral dominance of the hand have been developed (Oldfield, 1971; Raczkowsh, Kalat, & Nebes, 1974; Briggs & Nebes, 1975; Coren, Porac, & Duncan, 1979; Asarni & Ishikura, 1990 ). Items concern which side is frequently used for various movements, and lateral dominance is identified as the side used more often, as in judging the dominant hand.
With regard to the leg, Kimura and Asaeda (1974) indicated that dominance is related to performing a task such as the leg used when exerting power and the leg used for stabhzing control. They defined the functional leg as dominant when experienced with the leg used to kick a ball and the power-exertion leg as dominant when experienced with the leg used to take off on a running high jump or hopping on one foot. With the hand or arm, the side used for control and the side used to exert power are the same as in previous studies (Ltamoto, 1979; Iteya, Asarni, & Ishikura, 1986) . However, for the leg, the dominant side is not always the same, although findings of previous studies vary (Chapman, Chapman, & Allen, 1987) .
Although there are some studies in which the lateral dominance of the legs is examined with performance tests requiring exertion of maximal muscle strength as in a standing long jump and in vertical jumping (Ohtani, 1996; Adachi, 1998) , lateral dominance for muscular endurance of the leg used in isokinetic exercise is not clear. Moreover, lateral dominance is considered to emerge in adjusting exertion of muscular strength. When exerting maximum muscular strength, humans control the needed muscular strength based on their own sensation of output (cf. Borg's WE) and exert suitable muscular strength (Ohtsuki, 1997) . The ab5ty to vary strength output is postnatally acquired through learning based on motor experiences and, hence, might be different depending on the amount of practice. There are few studies on lateral dominance of the smoothness of the control in the use of voluntary exertion force (grading abhty). Are the values of the dominant leg in power exertion superior to those of the nondominant leg for muscular power and muscular endurance? Are the values of the dominant leg in functional use better than those of the nondominant leg for grading ability?
The purpose of this study was [o examine lateral dominance of the legs on maximal muscle power, muscular endurance, and grading ability, using isokinetic muscle strength.
METHOD

Subjects
The subjects were 50 healthy male students whose ages ranged from 19 to 23 years. Most exercised regularly. Their physical characteristics did not differ significantly from the standard for the same age (Laboratory of Physical Education, Tokyo Metropolitan University, 1989, pp. 98-101); cf. Table  1 . There were no differences between the right and left measurements on morphological items related to the legs. Prior to measurement, the purpose and procedure of this study were explained in detail, and informed consent was obtained from all subjects. Note.-There was no significant mean dtfference between right and left thigh and calF.
Judgment of Do7nz'nant Leg
Based on a previous study (IGmura & Asaeda, 1974), we investigated which leg was used or preferred when exerting power and when controlling the so-called dominant leg for power exertion and the dominant leg for functional use. To judge on which task each leg was dominant, a total of six items were selected from those used in previous studies (Furnoto, 1982 (Furnoto, , 1989 Chapman, et al., 1987) and administered in the present study.
Questions used to judge the dominant leg for power exertion (the primary body-supporting leg) were which leg was used when t h g off to run for a long jump, when taking off to leap a hurdle, and when hopping on one foot. Judging the dominant leg for functional use (the usual leg one is apt to move) involved l u c h g a ball, stepping first to pick up an eraser which has fallen to the floor, and drawing a line or circle on the ground with the toes. We decided that the leg used on two or more of the three tasks would be the dominant leg.
Measure of Muscular Strength
To measure maximal muscle strength, muscular endurance, and ability to control exertion of muscular strength, an isokinetic dynamometer (Cybex-325, Lumex, USA) was used. The subject was seated in an adjustable chair with the seat set at 80" to the knee angle. Subjects in a seated position performed knee extensions by bending the knees to 80" with maximal effort. In addition, we directed that the extension action should be followed by flex-ion action as rapidly as possible. As a result, isokinetic muscle strength (power) of the knees during extension and flexion was measured. Moreover, straps over the shoulders and across the chest stabilized the torso. There was one strap across the hips (Burdett & Swearingen, 1987; Montgomery, Douglass, & Deuster, 1989; Perrin, 1993) . Each procedure and variable used in measurements of muscular power, endurance, and grading ab~lity is indicated below. Three experiments were performed on different days. There was a 90-sec, rest between tests at each of three velocities.
1Maximal muscle power.-We measured maximal muscle power in knee extension and flexion at three angular velocities, 60" . set.-' (five trials), 180" set.-' (five trials), and 300" . set.-' (10 trials), using the protocol of previous work (Kannus, 1994) . Three variables were selected to evaluate maximal muscle power at each angular velocity, peak torque (unit: foot pounds, ft. . lb.), total work (unit: foot pounds, ft. . lb.) indicating the sum of muscular power exerted on one trial, and work during 0.25 sec. after the start of exertion (unit: foot pounds, ft. . Ib.).
Muscular endurance.-Toral work at the angular velocity of 180" . set.-'
was measured continuously for 30 extensions and flexions. We calculated an endurance ratio (ER) of exerted total work to evaluate muscular endurance.
ER(%)= (sum of total work in t h e first six trials/surn of cotal work o n [he last six trials) x 100
The reliabhties of m'easurement of maximal muscle power and muscular endurance were confirmed as good (r = .72 to ,951 through preliminary tests. These reliabilities were computed with coincidence for precision of measurement under the same conditions on M e r e n t days.
Ability to control exertion of muscular strength.-Through prelminary tests before this study, when the speed of the dynamometer was 300" . set.-l, it was impossible to control exertion of muscular strength because the movement was overly fast. When setting the magnitude of muscle contraction to less than 25% of maximal muscle strength, dispersion of measures of exerted muscular strength varied too much. On the contrary, with a setting of 90% or more of maximal muscle strength, the mean measurement did not dffer significantly from the mean measurement of maximal muscle strength. This indicated a difficulty in control of exertion of muscular strength in extreme conditions. Therefore, the magnitudes of muscular contraction were set at 25%, 5096, and 75% of maximal muscle strength at two angular velocities, 60" . set.-' and 180" . set.-', a protocol similar to the procedures of Ohtsuki (1997) . For example, when a 25% maximal muscle contraction was required, subjects were instructed as follows, "Regard the maximal muscle strength as loo%, and exert muscular strength at 25%, please." They were not informed of the result of their exertion. The required magnitudes of muscular contraction were assigned to the subjects at random. Peak torque and total work were measured for the three values of muscle contraction required at each angular velocity.
Statistical Analysis
Two-way analysis of variance with repeated measures was applied for maximal muscle power and grading ab1Lity using a 3 x 2 matrix (angular speed x leg) and a 3 x 2 matrix (required value x leg) to examine the differences between legs and angular speeds, and required values, respectively. Significant main effects were analyzed further by comparing the mean values using Tukey's honestly significant difference (HID) multiple-comparison method for pair-wise comparisons. The t test for repeated measures was used to examine the difference in mean measurements of isokinetic muscular endurance between the dominant leg and the nondominant leg. In this study, 5% was adopted as the level of significance. Table 2 shows the results for measurements of maximal muscle power in the dominant and the nondominant legs using three variables (peak torque, total work, and work during 0.25 sec. after the start of exertion) or the power in the early stage of exertion. Although the means for the dorninant leg show a tendency to be slightly higher than those of the nondominant leg at every angular velocity, no significant difference was found. Measurements for both legs do not always agree, and the correlation coefficients between these measurements were for peak torque .73 to 3 4 , total work .71 to .84, work during 0.25 sec. after the start of exertion .63 to .76.
RESULTS
Lateral Dominance in Maximal Muscle Power
Lateral Dominance in Muscular Endurance
The t tests on measurements of muscular endurance of the dominant and nondominant legs for power exertion on extension and flexion are shown in Table 3 . Although the means for the dominant leg are a little higher than those of the nondominant leg, there is no significant mean differ- Note.-Measurement is endurance ratio, the percent of the sum of total work on the Grst six trials to the sum of the total work on the last six trials. tp<.01.
ence. Fig. 1 shows the relation of the measurement of muscular endurance between the dominant and nondominant legs for extension. The correlation coefficients of .55 and .58 for muscular endurance between legs are lower than those for maximal muscle power, and individual differences in muscular endurance between the legs tend to be larger. Table 4 shows the means of ratios of the exerted muscular strength to maximal muscle strength for every required value for functional use of the dominant and nondominant legs. From the results of two-way analysis of variance, the effects of legs were significant for peak torque and for total work in extension at an angular velocity of 60" . set.-'. On port hoc analyses, there were significant differences between the dominant and nondominant legs for peak torque and for total work of 25% and 50%, respectively, for extension. The difference between the exerted muscular strength and the required value was calculated, and the absolute value of the difference to the maximal muscle strength is shown in Table 5 . Means for the leg dominant for functional use tend to be lower than those for the nondominant leg on most of the variables at both angular velocities. From the results of two-way + w analysis of variance, the effects of legs were significant for peak torque and for total work in extension at an angular velocity of 60" . set.-'. On post hoc analyses, the means for the dominant leg are significantly lower than those of the nondominant leg on all required values. DISCUSSION Regarding lateral dominance of arms in maximal muscle strength, Strizak, Gleirn, Sapega, and Nicholas (1983) reported that for measurements of isometric muscular strength of the wrist for excension and flexion in tennis players, the dominant hand is higher than those of the nondominant hand. U u r a (1986) reported the same result for top-ranked tennis players, as did Strizak, et a/. (1983) . Although dominant and nondominant sides begin to emerge in infancy and reflect a genetic influence (Oda, 1998) , this emergence is also clearly influenced postnatally (Kayamura, Komai, & Mayuzumi, 1996) . The dominant hand (or arm) is the one used more often in daily life and hence comes to be clearly distinguished from the nondominant hand. No clear dominant side for maximal muscle strength was found for the lower limbs. The use of a dominant leg (or foot) was not as clear as for arms in daily life (Kmura & Asaeda, 1974) . In addition, the dominant leg for power exertion and for functional use are not always the same, unlike the upper limbs. Either leg (or foot) is used moderately in daily life, and there may be no difference in their maximal muscle strengths. There are, however, some studies indicating lateral dominance of the leg (Kimura & Asaeda, 1974; Fumoto, 1982; Iteya, et al., 1986; Asami & Ishkura, 1990; Kayamura, et a/., 1996; Ohtani, 1996) . Most of these studies involved athletes. These researchers conclude that lateral dominance results by acquiring physical fitness peculiar to a sport. Our subjects were average students and included several athletes; therefore, such a sample might show no difference in dominance.
Lateral Dominance in Grading Ability
Lateral dominance for muscular endurance was not found. The considered reason is that average students, without specific physical fitness, were the subjects, and that either leg (or foot) would have been used moderately in daily life so there was no dLfference in muscular endurance. It is noted that many subjects showed superior muscular endurance with the nondominant leg but others showed the dominant leg was superior for power exertion and that difference in muscular endurance between the legs tended to be larger than the difference for muscular power.
Since measurements of maximal muscle strength and muscular endurance concerned the transversal area of the muscle and the organization of muscle fiber, we must examine the dfference in anatomical characteristics of the dominant and nondominant legs in the future. In these circun~stances, the lateral dominance of the lower h b would not be as well defined as for maximal muscle power and muscular endurance. Ohtsuki (1997) defined grading abhty as the ability to adjust subjective output to an objective required amount below maximal muscle contraction and suggested that control is acquired through practice. Namely, lateral dominance in grading abhty would be much influenced by postnatal factors.
Differences in grading ability between the dominant and nondominant legs for functional use were found in the present study (Table 4) . Subjects exerted muscular strength while depending on the subjective sensation of output because they received no information about their exerted muscular strength. Although they tried voluntarily to exert the same muscular strength with the dominant and nondominant legs, the sensation of adjusting output based on sensitive information in peripheral nerve-muscle systems might be different in the two legs.
The results presented here indicate a tendency for exerted muscular strength in extension to be greater than the required value for lateral differences in the dominant and nondominant legs for functional use. The muscular strength practically exerted might be somewhat higher than the subjective sensation in both the dominant and nondominant legs. Moreover, the nondominant leg for functional use seemed to exert more than the dominant leg in grading ability.
The dominant leg for functional use is used weighting on movement. However, little is known whether the dominant leg for functional use is superior in control or adjustment when exerting muscular strength. In the present study, the accuracy of control in the dominant leg for functional use was superior to that in the nondominant leg at all required values at low angular velocities of knee extension. Ohtsulu (1997) suggested that the more the muscular strength was exerted and agreed with the objective requirement, the more stable and smooth is the motion because the objective amount of exertion can be controlled smoothly by subjective sensation. Although lateral functional use is unconsciously selected in daily life, the actual exerted muscular strength by a leg is considered to be more accurate.
Lateral dominance is represented remarkably in knee extension, perhaps because extensional motion involves many muscle fibers and innervations compared to flexion (Chapman, et a[., 1987; Saito, Watanabe, & Mano, 1993) . With an angular velocity of 180" . set.-', no remarkable lateral dominance was found for either extension or flexion. The times spent in exertion at the angular velocities of 60" and 180" . set.-' are 1.5 and 0.5 sec., respectively. In fast exertion for the short time of 0.5 sec., it might be impossible -to exert muscular strength while diminishing the difference between the required value and the actual exerted muscular strengch based on internal feedback when exertion is slow, i.e., 1.5 sec., the superiority of the dominant leg in grading abhty is clear. Therefore, the dominant leg for functional use may be a function of practice in martial arts, i.e., to ready a luck and to put a leg accurately in place.
As mentioned above, the lateral dominance of the leg is observed in grading abllity but not in the measure of maximal muscle power and muscular endurance. The emergence of lateral dominance is much influenced by training and daily use as well as here&tary factors such as sex differences and so on. It is necessary to examine sex differences and compare lateral dominance of the legs in sporting events requiring extensive use of one side and sporting events requiring both sides, in addition to examining lateral dominance of ordinary people and athletes (or players) with specific physical fitness. No difference of the dominant and nondominant legs for exerted power was found in muscular endurance because some subjects showed superior measurements by the dominant leg and some superior by the nondominant leg. We also need to establish why the superior side in muscular endurance varies among subjects, considering factors other than dominance.
Conclusions
We examined the lateral dominance of the legs in muscular power, muscular endurance, and gradmg abhty, using isokinetic muscle strength.
There were three findings. (a) There was no clear lateral dominance for maximal muscle power. (b) For muscular endurance, subjects' responses varied for functional leg use and exerted power, with some being high for each, and lateral dominance was not found. (c) Lateral dominance was found for control of power. The dominant leg for functional use tended to be superior in exerting power over the nondominanc leg. However, the emergence of lateral dominance was not remarkable in flexion and in exertion for a brief time.
